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Abstract 

The present research work describes the synthesis and evaluation of new 
acrylic-type polymeric systems having degradable ester bonds linked to 
ibuprofen as materials for drug delivery. Ibuprofen was linked to 2-hydroxy- 
propyl methacrylate by an activated ester methodology in a one-pot procedure 
with a high yield. The resulting material was copolymerized with either 
2-hydroxyethyl methacrylate or methyl methacrylate (in 1 :3 mole ratios) by the 
free radical polymerization method, utilizing azoisobutyronitrile at 65-70 °C. The 
characterization of the resulting products by FTIR, 1 H NMR, 13 C NMR, DSC, 
and elemental analysis confirmed their synthesis successfully. Ibuprofen 
release from the obtained polymers was preliminarily evaluated at different 
buffered solutions (pH 1, 7.4, and 10) into dialysis bags to show the capacity of 
prodrugs to release the drug under hydrolytic conditions. Detection of hydrolysis 
by UV spectroscopy at selected intervals showed that the drug can be released 
by selective hydrolysis of the ester bond at the side of the drug moiety. The 
release profiles indicated that the hydrolytic behavior of polymers is strongly 
based on the polymer hydrophilicity and the pH value of the hydrolysis solution. 
The results suggest that these polymers could be useful in controlled release 
systems. 
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Introduction 

Ibuprofen, 2-(4-isobutylphenyl)propanoic acid, is a member of the non-steroidal anti- 
inflammatory drugs (NSAIDs) with well-known anti-inflammatory, antipyretic, and analgesic 
properties. It is most commonly administered orally such as tablets, gel, pellets, and syrup 
dosage forms and is rapidly absorbed to reach its maximal plasma concentration. 
However, it has a short biological half-life, which means that frequent doses are required 
to maintain the therapeutic efficacy over extended time periods [1 , 2]. 

The therapeutic use of NSAIDs is often restricted by the necessity to deliver the drug to 
the specific sites of the target organ or tissue. Also, the use of NSAIDs is limited by their 
irritant side effects on the gastro-intestinal mucosa because of the presence of their free 
carboxylic group and by their frequent poor water solubility [3]. One particular approach 
towards an improved use of NSAIDs for therapeutic applications is the preparation of 
polymeric prodrug backbones which can contain drugs in a physically bound (dissolved, 
dispersed, included, or adsorbed) state or by true chemical linkages along the polymer 
backbone or as side groups. These latter systems, in which drugs are delivered by 
chemically or biologically induced cleavage of the covalent bonds, increase water 
solubility, stability, and therapeutic efficiency of drugs while reducing the required doses, 
side effects, and toxicity of drugs by controlling the rate, duration, and site of release [4-6]. 

Acrylic-type polymers are an important class of the macromolecules used in drug delivery 
systems. The advantages of acrylic-based macromolecular prodrugs have been reviewed 
by Dumitriu in 1989 [7]. These systems do not form toxic by-products during their 
biodegradation, which have tendency to swell, when they come in contact with biological 
environment. In recent years, ibuprofen and some of the NSAIDs such as indomethacin, 
naproxen, ketoprofen, mefenamic acid, diclofenac, and fenoprofen have been attached to 
various polymer backbones and their in vitro evaluation has been studied widely [8-22]. 

Literature studies show that many reports about the preparation and in vitro evaluation of 
2-hydroxyethyl methacrylate (HEMA) polymeric prodrugs containing NSAIDs have been 
published, but the application of 2-hydroxylpropyl methacrylate (HPMA) polymers in 
controlled release systems of NSAIDs has been investigated in only a few articles. 

The main aim of this work is the synthesis, characterization, and in vitro controlled release 
study of new polymeric carriers based HPMA-containing ibuprofen pendants. First, 2-{[2- 
(4-isobutylphenyl)propanoyl]oxy}propyl methacrylate (IbuPMA), as a new acrylic-type 
polymerizable derivative of ibuprofen was synthesized by the esterification methodology 
between ibuprofen and HPMA in a one-pot procedure. The novelty of this synthesis is that, 
in just one step, the hydrolyzable-ibuprofen pendant group acrylic monomer is obtained 
with a high yield. The obtained IbuPMA was then copolymerized with either 2-hydroxyethyl 
methacrylate (HEMA) or methyl methacrylate (MMA) by the free radical polymerization 
technique, and their detailed molecular structures were characterized via FTIR, NMR, 
DSC, and elemental analysis. The release of ibuprofen from the obtained polymeric 
prodrugs was carried out in vitro by hydrolysis in buffered solutions into cellophane dialysis 
bags at various pH values, and the quantity of the released drug was detected by UV 
spectroscopy at selected intervals. The effects of neighbouring groups and pH values on 
the release of ibuprofen from the synthesized novel polymeric prodrugs are discussed. 



Sci Pharm. 2013;81:281-296 



New Acrylic Type Polymeric Prodrugs Containing Ibuprofen 



283 



Results and Discussion 

Synthetic route for preparation of IbuPMA 

IbuPMA was easily synthesized by direct esterification of ibuprofen with HPMA in the 
presence of A/,A/-dicyclohexylcarbodiimide (DCC) in CH 2 CI 2 solution (Scheme 1). The 
hydroxyl group of HPMA reacted with the carboxyl group of ibuprofen and the resulting 
water was absorbed by DCC to produce A/,/V-dicyclohexylurea (DCU) as a white 
precipitate. The white precipitate was isolated and the solvent was evaporated to give 
IbuPMA as a stable monomer. The 1 H and 13 C NMR spectra of IbuPMA are shown in Figs. 
1 and 2. 




Ibuprofen HPMA 



DCC, DMAP 
CH 2 CI 2 , 24 h 




IbuPMA 

Sch. 1. The synthesis route of acrylic-type derivatives of ibuprofen (IbuPMA). 
Synthesis and characterization of polymeric prodrugs 

The drug-containing monomer, IbuPMA, was easily copolymerized with HEMA and MMA 
in dried DMF solution by the free radical technique at 65-70 °C using AIBN as an initiator 
(Scheme 2). The resulting copolymers were colorless, amorphous, and soluble in DMSO 
and DMF, but insoluble in water and alcohols. The conversions of monomers to the related 
copolymers were determined gravimetrically after exhaustive drying of the isolated 
copolymer samples. 
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Fig. 1. 1 H NMR spectrum of IbuPMA in CDCI3. 
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C NMR spectrum of IbuPMA in CDCI3. 
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X 

H 2 C=C 
* i 
Y 



IbuPMA 



Co-monomer 



AIBN/DMF 
65-70 °C 




Poly(lbuPMA-co-HEMA): X = CH 3 , Y = COOCH 2 CH 2 OH 
Poly(lbuPMA-co-MMA): X = CH 3 , Y = COOCH 3 

Sen. 2. Copolymerization of IbuPMA with either HEMA or MMA. 



The formation of the desired polymeric prodrugs was confirmed by FT-IR and NMR 
spectroscopy. Typically, the FT-IR spectrum of poly(lbuPMA-co-HEMA) and the 1 H NMR 
spectrum of poly(lbuPMA-co-MMA) with the corresponding signal assignment are shown 
in Figs. 3 and 4, respectively. In these Figs., the methacrylic double bond signals are 
missing while those of the aliphatic main chain appear. 



Tab. 1. Spectral characterization of the synthesized polymeric prodrugs 



Sample 


Functional 


'H NMR 


13 C NMR 


FT-IR 




group 


(ppm) 


(ppm) 


(cm" 1 ) 


Poly(lbuPMA-co-HEMA) 


OH 


5.5 




3400 


Poly(lbuPMA-co-MMA) 


OMe 


3.8 


60 


1100 




COO 




172 


1735 


All polymers 


CH 2 0 


4.2 


63 


1150 


CHO 


4.4 


65 


1150 




Ph 


7.0-8.0 


126, 129, 135, 139 


1520, 1480 



The resulting spectral characteristics of functional groups of all the synthesized 
copolymers having ibuprofen substituents from FT-IR, 1 H NMR, and 13 C NMR 
spectroscopies are given in Table 1 . 
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Fig. 3. FT-IR spectrum of poly(lbuPMA-co-HEMA). 
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One parameter in the characterization of the polymeric prodrugs is the determination of the 
molecular weight distribution and the average molecular weights. In relation to the 
polymeric prodrugs, the rate of hydrolysis in the heterogeneous system can be controlled 
by the structure of the polymer substrates and their molecular weight. The rate of 
hydrolysis is lowered as the molecular weight increases. The weight and number-average 
molecular weights of the synthesized polymeric prodrugs were estimated by the gel 
permeation chromatography (GPC) instrument. The obtained values are shown in Table 2. 

Tab. 2. The yields, molecular weights, and glass transition temperature (7" g ) values of 
the polymeric prodrugs 



Sample 


Yield (%) 




M w /M n 


T a (°C) 


Poly(lbuPMA-co-HEMA) 


67.6 


31320 


1.7 


82 


Poly(lbuPMA-co-MMA) 


73.4 


29563 


1.9 


94 



The mole compositions of the polymeric prodrugs were determined from 1 H NMR 
spectroscopic data and elemental analysis of prodrugs (Table 3). In the past few decades, 
1 H NMR spectroscopy and elemental analysis have been established as powerful tools for 
the determination of copolymer compositions because of their simplicity, rapidity, and 
sensitivity [23]. In this work, the obtained mole compositions from 1 H NMR data and 
elemental analyses were relatively in good agreement. Also, the drug content of the 
copolymers was calculated. The results showed that this method permits the incorporation 
of 18-21 wt. % of ibuprofen into copolymer structures. The drug content of the copolymers 
and the required doses of the prodrugs, which are equivalent to 300 mg of ibuprofen, are 
calculated in Table 3. 

Tab. 3. Elemental analysis, mole compositions, and the drug content of the polymeric 
prodrugs 

Sample C (%) H (%) n (%) m (%) D (%) P.D.(gT 

Poly(lbuPMA-co-HEMA) 64.18 8.07 30 70 18.6 1.6 
Poly(lbuPMA-co-MMA) 67.63 8.27 33 67 20.5 1.5 
n... content of drug containing monomer (IbuPMA); m... content of co-monomer (HEMA or 
MMA) in Scheme 2; D... content of ibuprofen in the polymeric prodrug; P.D....the prodrug 
doses equivalent to 300 mg of ibuprofen. 



The thermal behavior of a polymer is important in relation to its properties for controlled 
release and its ability to be processed into suitable dosage forms [24, 25]. Differential 
scanning calorimetry (DSC) was used to determine the thermal properties of the polymeric 
prodrugs. The glass transition temperature (T g ) value was determined from the DSC 
thermodiagrams (Fig. 5). The obtained 7" g values are collected in Table 3. DSC analysis 
indicated that the polymeric prodrugs were amorphous and no crystallinity was observed 
within the evaluated temperature from 10 to 200 °C. Also, the synthesized polymeric 
prodrugs showed only a single 7" g , showing the absence of formation of a mixture of 
homopolymers or the formation of a block copolymer. Comparing the resulting 7 g values of 
the polymeric prodrugs with that of methacrylic homopolymers, such as poly(propyl 
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methacrylate) (T g = 35 °C), showed that these values are quite high, which is attributed to 
the rigid ibuprofen pendant groups that decrease the mobility of the polymer chains. 
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Fig. 5. DSC curves of (a) poly(lbuPMA-co-HEMA) and (b) Poly(lbuPMA-co-MMA). 
Drug release by hydrolysis of polymeric prodrugs 

It has been widely demonstrated that the side chain hydrolysis of drug pendent polymers 
depends on the strength and chemical nature of the drug polymer chemical bonds, the 
structure of the polymer, and the surrounding conditions. The hydrolysis of a linkage is 
also dependent on its distance from the polymer backbone. The length and hydrophilicity 
of the spacer unit between the drug and polymer chain can affect the release rate. The in 
vitro hydrolysis behavior of polymeric prodrugs was studied in physiological conditions 
(aqueous phosphate or hydrochloric acid buffers, at 37 °C). As the polymers were not 
soluble in water, they were dispersed in buffer solution and the hydrolysis was performed 
in a heterogeneous system. The hydrolysis was carried out in cellophane membrane bags 
permeable to low molecular weight compounds. The released drug passed through the 
high molecular weight polymers into the external buffer solution and was determined by a 
UV spectrophotometer. Two hydrolysable ester bonds are present in polymers. Detection 
of the hydrolyzing solution by UV spectrophotometer showed that only the ester bond 
between the drug moiety and methylene group is hydrolyzed during the reaction time. The 
IR spectroscopic data and melting point measurements of the residue corresponded to the 
free drug. The direct ester linkage between the main chain of the polymer and methylene 
group does not undergo hydrolysis under mild conditions. This can be related to the steric 
hindrance of bulk polymer chains, which decreases the bond mobility [26, 27]. The 
hydrolysis mechanism of polymers prodrugs in different pH conditions is shown in 
Scheme 3. 
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Sch. 3. The hydrolysis mechanism of polymeric prodrugs in different pH medias. 



Fig. 6 shows the ibuprofen release from polymeric prodrugs as a function of time under 
mild conditions at pH 1 (HCI buffer). The drug-release rate from polymeric prodrugs at this 
pH is very low. It seems that at acidic media (pH 1), the carboxyl group of hydrolyzed 
ibuprofen will be protonated (pKa 4-5) and its aqueous solubility will be lower than in alkali 
media, where the acid group is deprotonated. Also, the hydrolysis of the ester in acidic 
media is actually an equilibrium reaction, as ester formation is also catalysed by acid. The 
position of this equilibrium is governed by a range of factors such as the solubility and 
neighbouring effect of side groups in polymeric prodrugs. As the system is heterogeneous 
with hydrophilic and hydrophobic domains, and the hydrolysis product (ibuprofen) is poorly 
soluble in the aqueous phase at this pH, it is most likely to be present in the hydrophobic 
domains. As the water content here is low, this may drive the local equilibrium towards 
ester formation inside these domains and the hydrolysis in this medium would be expected 
to happen only at the surface of the hydrophobic domains. Therefore, hydrolysis of the 
polymeric prodrug with hydrophilic domains in buffer solutions must be, rather than 
polymeric prodrug with hydrophobic domains. 

Figs. 7 and 8 show the ibuprofen release from polymeric prodrugs as a function of time 
under mild conditions at pH 7.4 and pH 10 (KH 2 P04-Na2HP04 buffer), respectively. A 
study of the drug-release profiles shows that the release rate of ibuprofen from polymeric 
prodrugs in alkaline medium is higher than the drug-release rate in acidic conditions. The 
results show that with passing polymeric prodrugs from acidic media to a slightly alkaline 
pH, the labile bonds are more accessible to hydrolysis and the polymers are easily 
degraded to release ibuprofen in alkaline pH values. 
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30 



■ poly(lbuPIWVco-HEW\) 
a poly(lbuPWVco-MMA) 




Fig. 6. Percent of ibuprofen released from polymeric carriers as a function of time at 
hydrochloric acid buffer (pH 1) and 37 °C. 

Finally, the neighbouring groups can affect the drug-release rate. As shown in Figs. 6-8, 
the hydrolysis rate of poly(lbuPMA-co-HEMA) is higher than poly(lbuPMA-co-MMA). It 
seems that poly(lbuPMA-co-HEMA) has hydrophilic HEMA units and therefore, is rapidly 
hydrolyzed from poly(lbuPMA-co-MMA) containing hydrophobic MMA units. 



50 



■ poly(lbuPMA<o-HEMA) 
▲ poly(lbuPMA-co-MMA) 




Fig. 7. Percent of ibuprofen released from polymeric carriers as a function of time at 
phosphate buffer (pH 7.4) and 37 °C. 
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Time (h) 

Fig. 8. Percent of ibuprofen released from polymeric carriers as a function of time at 
phosphate buffer (pH 10) and 37 °C. 

Experimental 

Materials 

Ibuprofen was purchased from Aldrich and was recrystallized from an acetone/hexane 
mixture (1/1 v/v). HPMA, HEMA, and MMA were obtained from Merck and purified by 
distillation under reduced pressure to remove inhibitors. A/,A/-Dicyclohexylcarbodiimide 
(DCC) and 4-(dimethylamino)pyridine (DMAP) were obtained from Merck and employed as 
received. Azoisobutyronitrile (AIBN) was obtained from Fluka and recrystallized twice from 
methanol. Dichloromethane (CH2CI2) and was dried over calcium hydride prior to use. N,N- 
dimethylformamide (DMF) was dried over anhydrous magnesium sulphate for two days 
and later with phosphoric anhydride overnight. After drying, DMF was distilled under 
reduced pressure. Other solvents were employed without previous purification. All other 
chemicals were reagent grade or purer. 

Instrumental measurements 

FT-IR spectra were recorded on a Shimadzu 4300 spectrophotometer. 1 H and 13 C NMR 
spectra were recorded on a Bruker 400 MHz spectrometer in CDCI 3 or DMSO-c/ 6 solution. 
The amount of released ibuprofen was determined by a 2100 Shimadzu UV 
spectrophotometer at the adsorption maximum of the free drug in aqueous buffered 
solutions (Amax=264 nm) using a 1-cm quartz cell. The values of number-average 
molecular weight (M n ), weight-average molecular weight (M w ), and the polydispersity index 
of polymers were determined with a Maxima 820 gel permeation chromatography (GPC) 
instrument consisting of two GPC columns (Ultrastyragel 10 4 A and 10 3 A) connected in 
series (Mobile phase: DMF, run time: 50 min, column temperature: 50 °C, detector: 
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refractive index model 410). Well-characterized polyethylene oxide was used in the 
calibration within the range of M w between 2.6x10 and 8.8x1 0 5 g mol -1 . Elemental 
analyses were carried out with a Heareus CHN-ORAPID instrument. The glass transition 
temperatures (7 g )s were determined with a Perkin-Elmer DSC7 thermal analyzer system 
at a heating rate of 10 °C min -1 under 20 mL min -1 of dry nitrogen gas over a temperature 
range from 10 °C to 200 °C. The 7 g values were taken at the midpoints of the heat flow 
changes. 

Preparation of 2-{[2-(4-lsobutylphenyl)propanoyl]oxy}propyl methacrylate (IbuPMA) 

In a two-necked flask, ibuprofen (4.12 g, 20 mmol) and DMAP (1.25 g, 10 mmol) were 
dissolved in 40 mL of dry CH2CI2. The flask was cooled until 0 °C and a solution of DCC 
(4.12 g, 20 mmol) dissolved in 40 mL of dry CH 2 CI 2 was added dropwise into the flask 
solution at 0 °C. Then, HPMA (2.5 g, 17.36 mmol) was dissolved in 20 mL of dry CH 2 CI 2 
and added dropwise to the flask solution at the mentioned temperature. The reaction 
mixture was vigorously stirred at 0 °C for 1 h and returned slowly to room temperature. 
The mixture was stirred at room temperature about 24 h and filtered for the removal of the 
white precipitation of A/,A/-dicyclohexylurea (DCU). The organic layer was sequentially 
extracted three times by 10 wt % of NaHC0 3 , twice by HCI (2 N), once by deionised water, 
and finally by a saturated NaCI solution. The extracted organic solution was dried over 
MgSC>4 anhydrous and the solvent was removed under vacuum to obtain a yellow liquid. 
After it was set aside at room temperature overnight, a white precipitate appeared. It was 
removed and the final product was obtained as a yellowish liquid in a yield of 85.7%. FT- 
IR, cm -1 : 3073 (C-H aromatic), 3040 (C-H vinylic), 2950, 2890 (C-H aliphatic), 1715, 1735 
(C=0 ester), 1637 (C=C vinylic), 1600, 1480 (C=C aromatic), 1200, 1170 (C-O). 1 H NMR 
(400 MHz, CDCI3, TMS): 5 0.91 (d, 6H, -CH(CH 3 ) 2 ), 1.30 (d, 3H, -OCH(CH 3 )-), 1.51 (d, 3H, 
-Ar-CH(CH 3 )-), 1.88 (m, 1H, -CH 2 CHMe 2 ), 2.07 (s, 3H, =CCH 3 ), 2.48 (d, 2H, Ar-CH 2 -), 3.72 
(q, 1H, Ar-CH(CH 3 )-), 4.17 (d, 2H, -OCH 2 -), 4.45 (m, 1H, -OCH(CH 3 )-), 5.17 (d, 1H, CH 2 =), 
5.97 (d, 1H, CH 2 =), 7.1-7.3 (dd, 4H, aryl-H). 13 C NMR (100 MHz, CDCI 3 , TMS): 5 18 (1C, - 
Ar-CH(CH 3 )-), 20 (1C, -CH(CH 3 )-0-), 21 (2C, -CH(CH 3 ) 2 ), 22 (1C, -CH(CH 3 ) 2 ), 40 (1C, 
=C(CH 3 )-), 45 (1C, Ar-CH 2 -), 49 (1C, -Ar-CH(CH 3 )-), 64 (1C, -CH(CH 3 )-0-), 67 (1C, - 
OCH 2 -), 125 (1C, CH 2 =C-), 132 (1C, -CH 2 =C(CH 3 )-), 126, 129, 131, 139 (6C, aromatic 
carbons), 166 (1C, CH 2 =C(CH 3 )-COO-), 172 (1C, -Ar-CH(CH 3 )-COO-). Anal. Calcd. for 
C 20 H 28 O 4 (332 g mol -1 ): C, 72.29; H, 8.43. Found: C, 71.94; H, 8.23%. UV-Visible 
(dioxane, 25 °C): A max = 233.5 nm. 

Copolymerization of IbuPMA with acrylic monomers (general procedure) 

In two Pyrex glass ampoules, a mixture of IbuPMA (3.32 g, 10 mmol) and AIBN (0.16 g, 
1 mmol) was dissolved in 15 mL of dry DMF. Then, HEMA (3.90 g, 30 mmol) was added 
into the first ampoule and MMA (3.00 g, 30 mmol) was added into the second ampoule, 
respectively. The ampoules were then degassed, sealed off under vacuum, maintained at 
65-70 °C in a water bath and shaken by a shaker machine for about 48 h. After this time, 
the viscous solutions were separately poured from the ampoules into a large amount of 
cooled methanol as non-solvent. The precipitate polymers were collected, washed with 
non-solvent several times, and dried under vacuum at room temperature. The yields of the 
obtained polymeric prodrugs are presented in Table 2. 
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Method of hydrolysis 

The polymer-drug conjugates were dried under vacuum at room temperature and sieved 
with a 200-mesh sieve. Each of the dried polymer-drug conjugates (20 mg) was poured 
into 5 ml of aqueous buffered solution (pH 1, 7.4 and 10) at 37 °C and the mixture was 
conducted into a cellophane membrane dialysis bag. The bag was closed and transferred 
into a flask containing 25 mL of the same buffer solution maintained at 37 °C. The external 
solution was continuously stirred and a 3 mL sample was removed at selected intervals 
and 3 mL of buffer was replaced. The quantity of released drug was analyzed by means of 
a UV spectrophotometer at 264 nm and determined from the calibration curve obtained 
previously under the same conditions. In each concentration measurement, an equal 
volume of fresh buffer was added to the hydrolysis solution and the dilution of the 
hydrolysis solution occurred during the hydrolysis process. Therefore, for the calculation of 
the mean concentration of the released drug, each concentration measurement was 
corrected according to the following equation: 



where, n indicates the n concentration measurement, V to tai is the total volume of 
hydrolysis solution (25 ml), AV is the withdrawn volume at each measurement (3 mL), 
Cn.meas is the obtained drug concentration at the n th measurement, and C n is the corrected 
drug concentration in the hydrolysis solution due to the introduction of a volume AV of 
buffer. 

Finally, three parallel tests were done for one sample in each pH media and then both the 
average value and error bar were calculated. 

Characterization of hydrolysis products 

Twenty milligrams of the polymer-drug adduct was dispersed into 20 mL of buffered 
solution (pH 10) and maintained at 37 °C. After 24 h, the hydrolysis solution was sampled, 
neutralized with HCI (1 N), and the solvent was removed under vacuum. The resulting 
crude product was treated with 10 mL of acetone and heated. The suspension was then 
filtered and the acetone solution was evaporated under reduced pressure. The residue 
was characterized by melting point measurement, IR, and 1 H NMR spectroscopy, and 
showed that the hydrolysis product is ibuprofen. mp 78 °C. IR (KBr), cm -1 : 3480-2400 
(O-H), 3100 (C-H aromatic), 2960 (C-H aliphatic), 1728 (C=0), 1600, 1450 (C=C 
aromatic). 1 H NMR (400 MHz, CDCI 3 , TMS): 5 0.9 (d, 6H), 1.5 (d, 3H), 1.8 (m, 1H), 2.4 (d, 
2H), 3.7 (q, 1 H), 7.0-7.2 (dd, 4H), 1 1 .5 (s, 1 H). 

Conclusion 

In this work, IbuPMA as an acrylic-type polymerizable derivative of ibuprofen was directly 
synthesized from the reaction between HPMA and ibuprofen by the esterification method. 
Then, the polymeric prodrugs containing ibuprofen pendent groups were synthesized by 
the free radical polymerization of IbuPMA with acrylic monomers such as HEMA and 
MMA. The structures of the synthesized IbuPMA and polymeric prodrugs were 
characterized by various spectroscopy techniques. A study of DSC thermodiagrams of the 



i = n — 1 
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polymeric prodrugs indicated that the presence of ibuprofen pendant groups in polymer 
structures increases the polymer's rigidity with increasing glass transition temperature. 
Hydrolysis of polymeric prodrugs was carried out in conditions similar to physiological 
conditions and the results showed that the introduction of hydrophilic units along the 
polymer chain improve the hydrolytic behavior. Also, the resultant release profiles of drug 
from prodrugs showed that the synthesized polymeric prodrugs were pH-sensitive 
polymers. Therefore, the studied polymers in the present investigation can be used in the 
prolongation of transit time and are useful as drug carriers for the development of pH- 
sensitive polymeric prodrugs. As the main purpose of polymeric prodrugs is the 
achievement of controlled drug release or slow release, application of these polymers as a 
drug delivery system is expected after in vivo examinations. 

Authors' Statement 

Competing Interests 

The authors declare no conflict of interest. 



References 

[1] Ojha R, Nepali K, Goyal R, Dhar KL, Bhardwaj T. 

Synthesis, in vitro hydrolysis, bioanalytical method development and pharmacokinetic study of an 

amide prodrug of ibuprofen. 

Curr Pharm Anal. 2012; 8: 261-271 . 

http://dx.doi.Org/1 0.21 74/1 57341 21 2801 61 9333 

[2] Nayak A, Jain A. 

In vitro and in vivo study of poly (ethylene glycol) conjugated ibuprofen to extend the duration of 
action. 

Sci Pharm. 201 1 ; 79: 359-373. 
http://dx.doi.Org/1 0.3797/scipharm.091 1 -07 

[3] Wu C, Xie J, Branford-White C, Quan J, Zhu L. 

In vitro controlled release of polymeric drug-saccharide conjugates with ketoprofen, ibuprofen, and 
naproxen pendants. 

J Appl Polym Sci. 201 1 ; 121 : 1654-1660. 
http://dx.doi.Org/1 0.1 002/app.33735 

[4] Pasut G, Veronese FM. 

Polymer-drug conjucations, recent achievemednts and general strategies. 
Prog Polym Sci. 2007; 32: 933-961 . 
http://dx.doi.Org/10.1016/j.progpolymsci.2007.05.008 

[5] Hoste K, De Winne K, Schacht E. 
Polymeric prodrugs. 
Int J Pharm. 2004; 277: 119-131. 
http://dx.doi.org/10.1016/jJjpharm.2003.07.016 

[6] Khandare J, Minko T. 

Polymer-drug conjugates: progress in polymeric prodrugs. 
Prog Polym Sci. 2006; 31 : 359-397. 
http://dx.doi.Org/10.1016/j.progpolymsci.2005.09.004 

[7] Dumitriu S, Popa M, Dumitriu M. 

Polymeric biomaterials as enzyme and drug carriers Part IV: Polymeric drug carrier systems. 
J BioactCompat Polym. 1989; 4: 151-197. 
http://dx.doi.Org/1 0.1 1 77/088391 1 58900400205 



Sci Pharm. 2013;81:281-296 



New Acrylic Type Polymeric Prodrugs Containing Ibuprofen 



295 



[8] Cai X, Yang L, Zhang LM, Wu Q. 

Evaluation of amylose used as a drug delivery carrier. 
Carbohydr Res. 2010; 345: 922-928. 
http://dx.doi.Org/1 0.101 6/j.carres.201 0.02.008 

[9] Wu C, Quan J, Xie J, Branford-White C, Zhu L, Yu Y, Wang Y. 

Preparation and controlled release of degradable polymeric ketoprofen-saccharide conjugates. 
Polym Bull. 201 1 ; 67: 593-608. 
http://dx.doi.Org/1 0.1 007/S00289-01 0-0409-4 

[1 0] Paris R, Garcia GM, Quijada-Garrido I. 

Synthesis and characterization of a new acrylic polymeric ibuprofen prodrug. 
J Appl Polym Sci. 2010; 1 17: 3271-3276. 
http://dx.doi.Org/1 0.1 002/app.32256 

[11] Babazadeh M, Mosanejhad T. 

Vinyl ester type polymers containing ibuprofen pendents: synthesis, characterization and evaluation. 
Iran Polym J. 2009; 18: 179-186. 

[12] Babazadeh M. 

Design, synthesis and in vitro evaluation of vinyl ether type polymeric prodrugs of ibuprofen, 

ketoprofen and naproxen. 

Int J Pharm. 2008; 356: 167-173. 

http://dx.doi.Org/1 0.101 6/j.ijpharm.2008.01 .003 

[13] Babazadeh M, Edjlali L, Hajizeynalabedini Z. 

Preparation of acrylic-type derivative of ibuprofen and in vitro evaluation studies of its polymeric 
prodrugs. 

J Iran Chem Res. 2008; 1 : 41-50. 
[14] Babazadeh M. 

Synthesis, characterization, and in vitro drug-release properties of 2-hydroxyethyl methacrylate 
copolymers. 

J Appl Polym Sci. 2007; 104: 2403-2409. 
http://dx.doi.Org/1 0.1 002/app.2591 3 

[15] Babazadeh M. 

Synthesis and study of controlled release of ibuprofen from the new acrylic type polymers. 
Int J Pharm. 2006; 316: 68-73. 
http://dx.doi.Org/1 0.101 6/j.ijpharm.2006.02.032 

[16] Cai X, Wang N, Lin X. 

Chemo-enzymatic synthesis of optically active polymeric prodrug of naproxen, ketoprofen and 
ibuprofen. 

Polymer. 2006; 47: 6491-6495. 
http://dx.doi.Org/10.1016/j.polymer.2006.06.043 

[17] Bonina FP, Puglia C, Barbuzzi T, Caprariis P, Palagiano F, Rimoli MG, Saija A. 

In vitro and in vivo evaluation of polyoxyethylene esters as dermal prodrugs of ketoprofen, naproxen 
and diclofenac 

Eur J Pharm Sci. 2001; 14: 123-134. 
http://dx.doi.Org/1 0.1 01 6/S0928-0987(01 )001 63-4 

[18] Davaran S, Rashidi M, Hanaee J, Hamidi A, Hashemi M. 

Synthesis and hydrolytic behavior of ibuprofen prodrugs and their PEGylated derivatives. 
Drug Deliv. 2006; 13: 383-387. 
http://dx.doi.Org/1 0.1 080/1 071 7540500456007 

[1 9] Shrivastava PK, Singh R, Shrivastava SK. 

Dextran successful carrier molecule for the delivery of NSAIDs with reduced gastrointestinal effect. 
J Drug Deliv Sci Tech. 2010; 20: 135-142. 



Sci Pharm. 2013;81:281-296 



296 



M. Babazadeh etal.: 



[20] Agrawel N, Chanderasekar MJN, Sara UVS, Rohini A. 

Synthesis, characterization, and in vitro drug release study of methacrylate diclofenac conjugate as 

macromolecular prodrug. 

PDA J Pharm Sci Technol. 201 0; 64: 348-355. 

http://www.ncbi.nlm.nih.gov/pubmed/21502035 

[21] Namazi H, Babazadeh M, Sarabi A, Entezami AA. 

Synthesis and hydrolysis of acrylic type polymers containing nonsteroidal antiinflammatory drugs. 
J Polym Mater. 2001; 18:301-311. 

[22] Merwe TVD, Boneschans B, Zorc B, Breytenbach J, Zovko M. 

Macromolecular prodrugs: Kinetics of fenoprofen release from PHEA-fenoprofen conjugate. 
Int J Pharm. 2002; 241 : 223-229. 
http://dx.doi.Org/1 0.101 6/S0378-51 73(02)001 97-7 

[23] Chang CH, Sheu YM, Hu WP, Wang LF, Chen JS. 

Synthesis and properties of copolymers from 2-hydroxyethyl methacrylate-linked nonsteroidal anti- 
inflammatory agents with methacrylic acid. 
J Polym Sci Polym Chem. 1998; 36: 1481-1489. 

http://dx.doi.Org/1 0.1 002/(SICI)1 099-051 8(1 998071 5)36:9<1 481 ::AID-POLA1 6>3.0.CO;2-0 

[24] Davaran S, Rashidi MR, Hanaee J, Khani A, Mahkam M, Hashemi M. 

Synthesis and degradation characteristics of polyurethanes containing azo derivatives of 5-amino 
salicylic acid. 

J Bioact Comp Polym. 2006; 21 : 315-326. 
http://dx.doi.Org/1 0.11 77/088391 1 506066933 

[25] Mahkam M, Assadi MG, Zahedifar R, Ramesh M, Davaran S. 

Linear type azo-containing polyurethanes for colon-specific drug delivery. 
J Bioact Comp Polym. 2004; 19: 45-53. 
http://dx.doi.Org/1 0.11 77/088391 1 504041 602 

[26] Babazadeh M, Edjlali L, Rashidian L. 

Application of 2-hydroxyethyl methacrylate polymers in controlled release of 5-amino salicylic acid as a 

colon-specific drug. 

J Polym Res. 2007; 14: 207-213. 

http://dx.doi.Org/1 0.1 007/sl 0965-007-9099-5 

[27] Levenfeld B, San Roman J, Madruga EL. 

Polymers with pharmacological activity: 2. Synthesis and free radical polymerization of an acrylic 

derivative of phenacetin. 

Polymer. 1990; 31, 160-165. 

http://dx.doi.Org/1 0.1 01 6/0032-3861 (90)90369-A 



Sci Pharm. 2013;81:281-296 



